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A bs tract 

Previous concepts for solar power satellites have used conventional-technology photovoltaics 
and microwave tubes. We propose using thin-film photovoltaics and an integrated solid-state 
phased-array to design an uitra-lightweight solar power satellite, resulting in a potential reduction in 
weight by a factor of ten to a hundred over conventional concepts for solar power satellites. 

Introduction 

The concept of a Solar Power Satellite (SPS) to provide power for Earth was proposed in 1968 
by Peter Glaser [1]. Glaser proposed to solve the energy crisis and provide abundant electrical 
power for Earth by putting large (1-10 Gigawatt) solar collectors into geosynchronous Earth orbit, 
and to transmit energy to the surface using a microwave beam. Solar power satellites based on this 
concept were extensively analyzed in the period around 1978-1981 [2-4], 

The solar power satellite concepts examined in the late seventies had two significant difficulties: 
capital cost and weight. 

In tnis paper we discuss the potential for two technologies currently under development to 
considerably reduce the mass-to-orbit required for such a satellite power system: thin-film 
photovoltaics and solid-state microwave electronics. It may be possible to design a solar power 
satellite to be constructed entirely by thin-film technology, consisting of thin (one to two micron) 
active components on a plastic substrate, with the microwave phased-array components integrated 
directly with the photovoltaics. 

In essence, we propose discarding the “bridge-builder” mindset adopted by the initial designers 
of a SPS system, and adopt a thin-film, integrated-circuit mentality: why can't a solar power 
satellite be a single, integrated assembly deposited on a thin, lightweight substrate? 

Thin film photovoltaics 

Thin-film solar cells consist of thin (thickness ~l-5p) films of photovoltaic material deposited 
on a supporting substrate In the 1 980's a considerable research program has been devoted to 
development of thin-film photovoltaics for terrestrial power generation. Efficiencies over ten 
percent have been achieved on amorphous silicon and copper indium diselenide thin-films, and 
encouraging results achieved on other thin-film technologies such as CdTe and CuInS 2 . Table 1 

showsthe historic- a progress in efficiency of several of the thin-film materials over ihe last few 
years [5]. 

Because of me high optical absorption constant, for thin-film solar cells the active material may 
be as thin ?•, one to two microns, and hence the materials inherently have the potential to be 
extremely aght. However, very little current research is aimed at depositing thin-film cells on 
lightweight substrates, since most of the applications being currently considered are for terrestrial 
applications, where weight is not important. 

Preliminary results show that thin-film solar cells appear to be inherently radiation tolerant, and 
may not require a glass cover for radiation protection [6|. They also are highly tolerant of small 
damage areas, such as due to micrometeoroid or debris impact. 

A conservative projection would be to project use of a 5% efficient thin-film cell on a 25 micron 
thick Kapton substrate. This yields a photovoltaic blanket specific power of 1.7 kW/kg. An 
optimistic projection might be 15% thin-film cell on a 7 micron thick Kapton substrate, leading to a 
photovoltaic blanket specific power of 15 kW/kg. These numbers compare favorably to current 
technology spacecraft solar arrays, e.g., 67 W/kg at the array level for the flight-te''cd SAFE array. 
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The concept for integration of the solar cell with the microwave oscillator and antenna is shown 
in schematic in figure 1. A slightly more complex version, where the solar cell metallization is used 
for the antenna in a “push-pull” configuration, is shown conceptually in figure 2. 


Even without the development of thin-film microwave transistors, conventional microwave 
solid-state integrated electronics would be able to perform the function at a cost considerably below 
that of the microwave tube approach. Each element need operate only at a power level of a watt or 
less, well within the capability of microwave integrated circuits. 

An alternate approach to operation of the solid-state microwave source at even higher 
frequencies is the use of superconducting electronics. Such technology is currently being 
researched; for example, a superconducting circuit operating at 33-37 GHz has been developed at 
NASA Lewis using thin-film YBaCuO at 77°K [10]. 


Micro-phased array distributed thin-film SPS 

In an highly-integrated SPS design, microwave oscillators and dipole antennas are be integrated 
directly on the plastic sheet with the solar cells, using phased-array techniques to steer the beam 
back along a pilot beam generated at the receiving antenna on the Earth. Rather than a smaller 
number of high-power microwave tubes, the integrated SPS will have billions of integrated 
transmitters, each operating at a power of no more than a watt. This integration would eliminate the 
power conditioning elements and the wiring used for power distribution. 

The proposal consists of the following elements; 

-Total integration. Microwave transmitters are integrated directly at the solar cell level. No 
wires or power management/distribution system is required. 

-Thin-film technology. Lightweight photovoltaic films on a thin plastic substrate are used. 

-Phased array technology. The antenna does not need to be physically “aimed” at the receiver. 

The distributed thin-film SPS applies the integrated circuit approach to the satellite solar power 
concept. 

Table 2 shows a comparison of the mass of an integrated thin-film solar power satellite 
compared to a baseline system. Using the “conservative” technology extrapolation the reduction in 
weight is by more than a factor of ten; assuming a more advanced technology a reduction in weight 
by over a factor of a hundred is achieved. 


Table 2: 

Mass Comparison 

BmliM SPS (1980): 

2.6 kg/kW Transmission and control 

6.5 kg/kW Silicon Solar Array 

0.6 kg/kW Power Conditioning 

9.7 kg/kW 

Thin-Film SPS. (1990’s) : (5% efficient solar cell on 25[i Kapton) 

0.7 kg/kW Solar array + integrated transmitter 

XhinzEilm SPS (2000+) : ( 1 5% efficient solar cell on 7|i Kapton) 

0.08 kg/kW Solar array + integrated transmitter 

It is important to design new, low mass structures in order to reduce the structural mass of the 
system proportionately to the photovoltaic and transmitter mass reductions. Many structural 
designs for such a system are possible. Two, the “bicycle wheel” configuration (shown in figure 3) 
and the “sphere” configuration (shown in figure 4), shown. The phased array microwave elements 
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(1) Beamed power for lunar base night operation 

(2) Inter-orbital ion-engine propelled transport spacecraft 

(3) Power for Earth-orbital stations [11] 

(4) Support for Mars missions and solar system exploration and exploitation. 

Difficulties 
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Conclusions 

Thin-film photovoltaics and microwave solid-state devices have the potential to create a 
revolutionary improvement in solar power satellite design, with possible improvements in power to 
weight ratio of a factor of ten to a hundred. Thin-film photovoltaics alone could cause a significant 
performance improvement, however, to take full advantage of the technologies being developed, we 
have suggested design of a fully integrated photovoltaic/microwave system, where the phased array 
microwave elements are deposited integrally to the solar cells, eliminating all the power management 
and distribution. 
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igure 1. Solar cell with integrated microwave antenna element 
(conceptual diagram). The local oscillator receives a phase signal to 
make the output signal coherent as par t of a phased array beam. 
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Figure 2. Schematic diagram for integrated solar cell/transmitter 

m a pus £'P u11 con figuration. The contact metallization of the 
solar cells serves as the antenna element for the integrated microwave 

ransmitter. Complementary pnp and npn transistors receive the * ime 
phase signal 
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Figure 3: “Bicycle- Wheel” SPS Configuration 
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Figure 4: “Sphere” configuration for SPS. 
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